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METHOD OF ATTENUATION OF HEOIHTIM&L PROLIFERATION 

The invention relates to a method of treatment for 
inhibition or attenuation of neointimal proliferation 
associated with endothelial vascular injury. The method 
utilizes a combination of drugs which are administered 
oyer a period of time. This interferes with recurrent 
platelet aggregation that, without treatment, results in 
neointimal proliferation. 



Acute coronary artery disease syndromes, including 
unstable angina pectoris and acute myocardial infarction, 
sure speculated to be caused by the accumulation of 
platelet aggregates at sites of coronary artery stenosis 

15 and endothelial injury (1-4). Aggregating platelets 
release mediators that may promote further platelet 
aggregation, dynamic coronary artery vasoconstriction, 
and neointimal proliferation in the arterial wall (1,5- 
11) . When coronary artery angioplasty is used as a 

20 treatment for focal atherosclerotic lesions, injury to 
the endothelium and media of the arterial wall occurs, 
and platelet aggregates form at these sites (12-16). It 
has been postulated that platelet aggregates accumulating 
at angioplasty sites may release factors that mediate a 

25 fibroproliferative response (1,3,15-18). A proliferative 
response of smooth muscle cells in the media and intima 
has been shown to cause the restenosis phenomenon after 
angioplasty ( 12-14 , 18 ) • 

30 Efforts have been focused on preventing or 

attenuating platelet activation through either the use of 
drugs or by preventing mechanical injury to the arteries. 
Such injury apparently occurs even with balloon 
dilatations, where the rate of recurrent stenosis after 

35 uncomplicated balloon dilatation is about 30% (19). This 
continues to be a significant problem despite continuing 
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ef forts to develop new techniques and devices for 
angioplasty (20) . 

Various drugs have been used as treatments or 
5 prophylaxis of neointimal proliferation that leads to 
coronary artery stenosis after angioplasty and heart 
transplantation (21) . These include general classes of 
organic compounds and drugs selected to target particular 
pathways thought to affect the processes involved in 

10 vascular occlusion. Interest in the role of thromboxane 
Aa and 5-hydroxytryptophan (serotonin) in platelet 
activation has resulted in several animal studies using 
antagonists to these platelet activators. A combination 
of a thromboxane A« antagonist and a serotonin receptor 

15 antagonist has been shown to be effective in reducing 

residual intracoronary platelet deposition (22) observed 
at sites of coronary artery stenosis and endothelial 
injury after induced platelet activation (23) . 

20 The processes leading to neointimal proliferation 

after endothelial injury are incompletely understood. 
Platelet-derived growth factors (PDGF) as well as several 
other mitogens induce smooth muscle cell migration and 
proliferation (24-31). PDGFs are released from alpha 

25 granules of platelets following their activation and 
adhesion. On this basis, conventional wisdom has 
suggested that inhibition of platelet aggregation would 
be a logical step in preventing neointimal proliferation. 
Nevertheless, clinical use of antiplatelet agents such as 

30 aspirin has not prevented neointimal proliferation 
leading to restenosis after coronary angioplasty in 
patients with coronary artery disease (32) . An effective 
treatment to prevent or attenuate neointimal 
proliferation commonly encountered following vascular 

35 surgery has not been available. 
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The present invention seeks to address a method to 
prevent or at least minimize the neointimal proliferation 
which frequently develops as a consequence of mechanical 
insult following surgical procedures involving major 
5 arteries. In vivo studies have shown that a combination 
of antiplatelet drugs, administered over a period of time 
following endothelial injury, will to a large degree 
prevent blood vessel constriction associated with 
neointimal proliferation. 

10 

Generally, the method of treatment involves 
administering a combination of drugs over a period of 
time. The drugs are antiplatelet agents and will be 
administered to a mammal or a human being which may have 
15 had an injury to the endothelium, either through surgical 
procedures or possibly from trauma such as accident or 
metabolic aberration. 

Mechanical endothelial injury may commonly occur 
20 during surgical procedures. For example, angioplasty is 
a common surgical procedure used to clear arteries, 
damaged or impaired by deposits. Despite care in 
performing the procedures and despite new and better 
methods of performing these operations, mechanical injury 
25 to the vascular wall may occur. Injury, however small, 
to vascular walls results in platelet activation and over 
a period of time by processes incompletely understood, 
may lead to neointimal proliferation. That is, the 
endothelial cells within the cell walls will proliferate 
30 to the extent where blockage, sometimes completely 
occluding the vessel, is observed. 

In the practice of this invention a combination of 
antiplatelet agents known to inhibit platelet activation 
35 sure selected. Preferably two antiplatelet drugs are 

administered. One of these is selected from a group of 
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drugs with serotonin Sj receptor antagonist activity. The 
other agent is selected from a group of drugs recognized 
as having thromboxane A 2 synthetase inhibitor activity. 
Host preferable drugs selected from this group have dual 
5 A* synthetase inhibitor activity as well as A 2 receptor 
antagonist activity. A preferred serotonin S 2 receptor 
antagonist is ketanserin. Several drugs having dual 
thromboxane Aj. synthetase inhibitor and receptor 
antagonist activity are also known, including ridogrel 
10 which is used in preferred practice. 

Both antiplatelet agents should be administered when 
practicing this invention. Drugs need not be 
administered simultaneously but should be administered to 

15 the animal or human being receiving treatment either 
during surgery or shortly thereafter. In preferred 
practice, the antiplatelet agents are administered by 
bolus every 8 to 12 hrs and also by continuous infusion. 
Infusion should continue for 14 days but it is recognized 

20 that longer or shorter periods of continuous infusion may 
be indicated depending on the circumstances involved and 
the type of injury sustained. Where ketanserin is one of 
the drugs, preferred practice is administration of a 1 to 
2 mg/kg bolus injection every 8 hrs with continuous 

25 infusion at .1 to .2 gm/kg/hr over a period of 14 days. 
The second antiplatelet agent preferably ridogrel is 
administered as a bolus at 5 to 10 mg/kg every 8 hrs and 
as a continuous infusion at 0.6 mg/kg/hr over a period of 
14 days. 

30 

It should be recognized that methods of treatment 
may very depending on the type of injury sustained or the 
injury suspected as well as the physiological state of 
the patient. Thus it might be necessary to continue the 
35 treatment for periods as long as several months in order 
to prevent neointimal proliferation after treatment with 
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the drugs has ceased • Dosages and protocols for the 
regiment of administration may also be varied in 
accordance with the particular situations encountered. 

5 It is aiso envisioned that this method of treatment 

would be effective when used to attenuate or prevent 
platelet aggregation in humans undergoing surgical 
procedures with risk of coronary stenosis. Other 
surgical procedures with a similar risk include stents, 

10 angioplasty, atherectomy, heart transplants, coronary 
bypass operations and laser procedures. Administration 
is preferably given prior to, during or immediately 
following the surgical procedure. However it is also 
envisioned that the drugs could be administered 

15 prophylactically prior to the surgery. A preferred drug 
combination is ridogrel and ketanserin administered by 
bolus and with continuous infusion. Administration of 
the drug should be continued for a period of time 
sufficient to attenuate or prevent neointimal 

2 0 proliferation . 

Figure 1 is a representative coronary blood flow 
tracing from a dog on the fourth day after surgery to 
produce endothelial injury. SQ29548 (Squibb) is the 
25 thromboxane receptor antagonist. 

Figure 2 shows histological changes within the left 
anterior descending coronary arteries (LAD) at 21 days 
after stenosis and endothelial injury. Neointimal 

30 proliferation (ip) is noticeable within the area 

indicated by the arrowheads. Panel A shows the LAD from 
a dog without cyclic flow variations (hematoxylin and 
eosin, x 60) . Panel B shows LAD from a dog with frequent 
cyclic flow reductions in the first week after 

35 endothelial damage (hematoxylin and eosin, x 60) • Panel 
C shows LAD from a dog with 1,321 cyclic flow reductions 
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in the first week following endothelial damage 
(hematoxylin and eosin, x 60) . 

Figure 3 shows the correlation between the frequency 
5 and severity of cyclic coronary flow velocity variations 
and the severity of coronary artery neointimal 
proliferation. Dogs (A) received ridogrel and Jcetanserin 
or LY53857 every 8 hrs in bolus doses for 7 to 14 days. 
Dogs (B) received ridogrel every 8 hrs in a bolus dose 
10 plus continuous infusions and ketanserin every 8 hrs plus 
continuous infusions for 14 days. 

Materials and Methods 

15 Animals 

Mongrel dogs 17 to 34 kg of either gender were 
anesthetized with sodium pentobarbital (30 ag/kg 
intravenously) and ventilated with room air by a Harvard 
20 respirator (South. Nadick, Massachusetts) . Arterial and 
venous catheters were placed in a common carotid artery 
and a jugular vein for systemic arterial pressure 
measurements and administration of intravenous fluids or 
drugs, respectively. 

25 

endothelial iniurv 

Anesthetized animals had a thoracotomy under sterile 
conditions. The left anterior descending (IAD) coronary 

30 artery was gently dissected free of surrounding tissues. 
A cylindrical pulsed-Doppler flow probe was placed around 
the exposed portion of the IAD and continuous recordings 
of IAD blood flow velocity were obtained. The arterial 
endothelium was injured by gently squeezing the external 

35 surface of the exposed artery with cushioned forceps. 

Next, a small plastic constrictor was placed around the 
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artery at the site of endothelial injury. The chest was 
closed. Following surgery, all animals were monitored 
closely with continuous recordings of LAD blood flow 
velocities and aortic blood pressures. 

5 

Ex Vivo Platelet Aggregation 

Platelet aggregation was evaluated bx vivo in the 
experimental animals before applying the arterial 

10 constrictor and injuring the endothelium and each day 
during the period when treatments were given. 
Aggregation was determined using Bom's method and the 
agonists ADP at a final concentration of 10-20 jiM, U46619 
(a thromboxane mimetic) at 50-100 ng/ml, and serotonin at 

15 1-2 /jM. Results of in vitro platelet aggregation studies 
were used to adjust In vivo dosages of the thromboxane A? 
and serotonin inhibitors given by sustained infusion in 
order to ensure complete abolition of in vitro responses 
to the platelet agonists due to in vivo infusion of the 

20 combined antagonists. 

BistPlpqiral Preparations 

After animals were sacrificed, segments of the LAD 
25 and the circumflex coronary artery were dissected from 
the hearts, fixed in phosphate-buffered formalin, and 
embedded into paraffin. Histological sections were 
prepared. On photographic prints of the sections, 
structures were drawn onto the prints while examining the 
30 original slides by light microscopy. These areas were 
the media, original lumen (outlined by the inner edge of 
the media and delineated by the circumferential 
projection of the internal elastic lamella) , area of 
intimal proliferation, and residual lumen. These areas 
35 were measured using a computer-linked digitizing tablet. 
The percent stenosis was calculated as: 
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(1 - resid ual lumen area ) x 100 

residual lumen + intima area 

mural i 

5 

Bgffigt of Drug T reatment on Neointinai Proliferation 

A total of 24 dogs were followed for 21 days. Seven 
of the dogs did not receive any treatment and served as 

10 controls. Another 17 dogs received the antiplatelet 
agents, ridogrel (a dual thromboxane synthetase 
inhibitor and thromboxane Aa receptor antagonist, Jansseri 
Pharmaceuticals, Beerse, Belgium) (33) and either 
ketanserin (a serotonin receptor antagonist, Janssen 

15 Pharmaceuticals, Beerse, Belgium) (34) or LY53857 
(another serotonin receptor antagonist, Eli Lilly, 
Indianapolis, IK) (35). Of these antiplatelet agent- 
treated dogs, 7 received bolus doses of ridogrel at 5 
mg/kg and either ketanserin at 0.5 mg/kg or LY53857 at 

20 0.2 mg/kg bolus injections every 8-12 hrs for 7-14 days 
through catheters positioned in the left atrium. The 
remaining 10 dogs received ridogrel at 5-10 mg/kg every 8 
hrs and a 0.6 mg/kg/hr continuous infusion and ketanserin 
as 1-2 mg/kg bolus . injections every 8 hrs and a 0.1-0.2 

25 mg/kg/hr continuous infusion for 14 days. 

Coronary artery cyclic flow variations (CFVs) 
developed in 4 of the 7 non-treated dogs. CFVs also 
developed in 4 of the 17 dogs that received combined 

30 treatment with two antiplatelet agents, ridogrel and 
either ketanserin or LY53857. During the initial 
coronary flow recordings after surgery, most dogs had 
CFVs that disappeared in the subsequent 12 hrs. In the 
animals that developed CFVs later, they usually occurred 

35 during the second to fourth days following the surgical 
procedures. Figure 1 shows a typical coronary blood flow 
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tracing indicating a CFV in a dog 4 days after surgery to 
induce endothelial injury . The dog had been treated with 
the antiplatelet agent SQ29548 (Squibb) , a thromboxane 
receptor antagonist, following surgery. 

5 

On the 21st day following surgery, animals were 
sacrificed with large doses of intravenous sodium 
pentobarbital* Histological examination of left anterior 
descending coronary artery tissues of animals that had 

10 received no drugs revealed various degrees of neointimal 
proliferation with modified smooth muscle cells present 
in the thickened intima of the LAD at sites of 
endothelial injury and arterial constriction (Fig. 2). 
Some vessels also showed evidence of organized thrombi. 

15 The original arterial lumen was determined by the 

internal elastic lamella or edge of the media where the 
internal elastic lamella is absent. As indicated in 
Figure 2, panel A, dogs without cyclic flow variations 
show minimal intimal proliferation while a dog with 

20 frequent cyclic flow reductions in the first week after 
endothelial damage had moderately severe intimal 
proliferation (Panel B of Figure 2) . Severe intimal 
proliferation was observed in a dog with 1,321 cyclic 
flow reductions in the first week following endothelial 

25 damage (Figure 2, Panel C) . 

Histological changes in the left anterior descending 
coronary arteries were also examined in dogs 21 days 
after endothelial injury and treatment with ridogrel and 

30 ketanserin. In a dog receiving 5 mg/kg ridogrel and 
ketanserin 0.5 mg/kg every 8 hrs for 14 days, 42% 
arterial lumen stenosis caused by neointimal 
proliferation was observed. On the other hand, minimal 
neointimal proliferation was observed in a dog receiving 

35 ridogrel at 5 mg/kg every 8 hrs with 0.6 mg/kg/hr 
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continuous infusion and ketanserin at 1 mg/kg every 8 hrs 
with 0.1 mg/kg/hr continuous infusion for 2 weeks. 

The severity of neointimal proliferation was related 
5 to the frequency and severity of CFVs (Fig. 3) . In the 6 
dogs with severe CFVs defined as more than 9 flow 
reductions greater than 70% of baseline flow velocity 
values during the first week following surgery, the LAD 
lumens were narrowed 84±5% (mean ± S.E.) by neointlnal 

10 proliferation and/or organizing thrombi. In 2 dogs 'with 
mild to moderate CFVs, defined as nore than 3 flow 
reductions that were 30-60% of baseline flow velocity 
levels, neointimal proliferation resulted in 40±5% 
narrowing of the LAD lumen. In the remaining animals 

15 without CFVs, only 17±4% narrowing of the LAD lumen by 
neointimal proliferation was observed. The correlation 
between the severity and frequency of CFVs and the 
severity of neointimal proliferation was significant (r = 
0.90, p £ o.ooi) (Fig. 3). 

20 

The present invention has been described in terms of 
particular embodiments found by the inventor to comprise 
preferred modes of practicing the invention. It will be 
appreciated by those of skill in the art that in light of 

25 the present disclosure numerous modifications and changes 
can be made in the particular embodiments exemplified 
without departing from the proper scope of the invention. 
For example, other antiplatelet drugs could be combined 
with the combination of the present invention or 

30 prophylactic therapy could be developed as standard 

protocol prior to any surgical procedure with potential 
mechanical endothelial vascular damage. The mode of 
practice described could be altered, for example, 
intermittent infusions with or without periodic bolus 

35 administration. These and obvious related modifications 
are contemplated to be within the scope of the claims. 
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CLAIMS ; 

1. A method of preventing or attenuating neointimal 
proliferation following vascular endothelial injury , 

5 comprising administering over a period of time to a 
mammal known or suspected of having an endothelial 
injury, an effective amount of a pharmaceutical ly 
suitable preparation comprising at least two antiplatelet 
agents. 

10 

2. The method of claim 1 wherein one antiplatelet agent 
is selected from a group of drugs having serotonin S 2 
receptor antagonist activity* 

15 

3. The method of claim 1 wherein the other antiplatelet 
agent is selected from a group of drugs having dual 
thromboxane A 2 synthetase inhibitor and thromboxane A 2 

20 receptor antagonist activity. 

4. The method of claim 1 wherein the antiplatelet 
agents are administered separately or in combination. 

25 

5. The method of claim 4 wherein the administration is 
by periodic bolus administration. 

30 

6. The method of claim 4 wherein the administration is 
by continuous infusion. 
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7. The method of claim 4 wherein the antiplatelet 
agents are administered by bolus every 8-12 hrs and by 
continuous infusion for 14 days. 

* 

5 

9. The method of claim 1 wherein the vascular 
endothelial injury is mechanically induced. 

10 9. The method of claim 2 wherein the antiplatelet agent 
having serotonin S 2 receptor antagonist activity is 
ketanserin. 

15 10. The method of claim 9 wherein the ketanserin is 
administered as a l-2mg/kg bolus injection every 8 hrs 
and as a continuous infusion for 14 days at 0.1-0.2 
gm/kg/hr. 

20 

11. The method of claim 2 wherein the antiplatelet agent 
having serotonin S 2 receptor antagonist activity is 
LY53857. 

25 

12. The method of claim 3 wherein the antiplatelet agent 
having dual thromboxane A 2 synthetase inhibitor and 
thromboxane Aa receptor antagonist activity is ridogrel. 

30 

13. The method of claim 12 wherein the ridogrel is 
administered as a bolus at 5-10 mg/kg every 8 hrs and as 
a continuous infusion for 14 days at 0.6 mg.kg/hr. 



35 

14. The method of claim 1 wherein the mammal is a human. 
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15. A method of preventing or attenuating recurrent 
platelet aggregation and dislodgement in a mammal 
undergoing a surgical procedure with a risk of coronary 

5 stenosis comprising administering to said mammal an 
effective amount of a first agent having serotonin S 2 
receptor antagonist activity and a second agent having 
dual thromboxane A 2 synthetase inhibitor and thromboxane 
A 2 receptor antagonist activity. 

10 

16. The method of claim 15 wherein the mammal is a 
human. 

15 

17. The method of claim 15 wherein the administering is 
prior to the surgical procedure. 

20 18. The method of claim 15 wherein the administering is 
during or immediately following the surgical procedure. 

19. The method of claim 15 wherein first agent is 
25 LY53857 or ketanserin. 



20. The method of claim 15 wherein the second agent is 
ridogrel. 

30 

21. The method of claim 15 wherein the surgical 
procedure with a risk of coronary stenosis is stents, 
angioplasty, coronary bypass, heart transplant or 

35 atherectomy. 
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22. The method of claim 15 wherein the first agent and 
the second agent are administered by bolus and continuous 
infusion for a period of time sufficient to attenuate or 
prevent the neointimal proliferation. 
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